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MOLDED OPTICAL COMPONENT WITH
INSPECTION FEATURES

FIELD OF INVENTION

The present 1invention relates generally to molded optical
components, and, more specifically, to amolded optical com-
ponent having inspection features to facilitate adjustment of
the mold used to form 1t.

BACKGROUND OF INVENTION

Applicants have recently molded lensed ferrules comprise
an array ol lenses and one or more mechanical alignment
clements. The lenses are typically 1in a linear array with a pitch
of 0.25 mm and a diameter slightly less than 0.25 mm, for
example, 0.24 mm. The alignment elements are typically pins
and/or holes with a diameter of 0.7 mm. In one embodiment,
the ferrules are hermaphroditic, meaning that a given ferrule
has an alignment pin and an alignment hole such that identical
terrules can mate with one another.

It 1s critical to the performance of the lensed ferrule that the
lenses be precisely located with respect to the mechanical
alignment elements. For example, when two lensed ferrules
are mated to each other, the mechanical alignment elements
guide the two parts such that the corresponding lenses will be
aligned. Any deviation from this alignment will result 1n
increased loss, and possible loss of function of the optical
device. Therefore a molded part should be formed that has a
precise relationship between the locations of the mechanical
alignment elements and the optical components (lenses,
fibers, etc.).

When creating such molded components, the mold 1s typi-
cally built from several pieces of mold *“steel,” which can be
adjusted slightly as the mold 1s “conditioned” or tuned. The
mold 1s typically inspected for accuracy. However, the
molded part must meet optical and therefore dimensional
tolerances. The final conditioning of the mold is therefore
made by 1mspecting molded pieces and adjusting the mold
accordingly. Acceptance of the mold 1s based on a “first
article” mspection of the molded pieces, which consists of a
measurement of all dimensions on the product based on sev-
cral representative pieces. For these reasons, 1t 1s necessary to
be able to accurately measure the locations of the optical and
mechanical elements of a molded component.

Accurate measurements of a molded part can be made
visually, using a camera, lens system, and precision transla-
tion stages. However, because the dimensions and geometries
of the lenses and mechanical alignment elements are signifi-
cantly different, Applicant recognizes that a measurement of
the relative locations of the lenses and mechanical alignment
clements can be difficult. For example, systematic errors may
be mtroduced by lighting, which may affect one geometry,
such as a lens, 1n a different manner than 1t affects another
geometry, such as a hole.

Furthermore, Applicant recognizes that the edges of a
molded part are often not perfectly sharp. For example, the
material being molded may not fill the corners of the mold.
Also, 1t may not be possible to machine sharp corners for
some elements of the mold, thereby resulting in rounded
edges 1n the molded plastic part. In this respect, some edges
are even configured to be rounded—e.g., alignment pins are
typically configured with a chamiered edge to function as a
lead 1n when the alignment pin 1s mserted into an alignment
hole during mating. Because rounded edges are not clearly
defined, they complicate accurate visual measuring of the
molded part.
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For example, referring to FIGS. 1-2, a hermaphroditic fer-
rule 100 1s shown which uses pin/hole alignment elements
104, 105 to align mating ferrules. The ferrule 100 comprises
a linear array of lenses 103. Such a part 1s particularly ditficult
to 1nspect visually as shown 1 FIG. 2. The pin 104, hole 105,
and lenses 103 all have a different characteristic appearance,
which depends sigmificantly on the lighting conditions. The
edge of the alignment pin 104 1s particularly hard to deter-
mine, since 1t has a fillet 104q to facilitate mating with a like
connector.

Therefore, a need exists for an approach of measuring the
alignment among disparate elements on the surface of a
molded optical component. The present invention fulfills this
need among others.

SUMMARY OF INVENTION

The following presents a simplified summary of the inven-
tion 1n order to provide a basic understanding of some aspects
of the invention. This summary 1s not an extensive overview
of the mvention. It 1s not intended to i1dentify key/critical
clements of the mmvention or to delineate the scope of the
invention. Its sole purpose 1s to present some concepts of the
invention 1n a simplified form as a prelude to the more
detailed description that 1s presented later.

The present invention provides an approach of measuring,
the alignment among disparate elements on the surface of a
molded optical component. To this end, the invention
involves a molded optical component (e.g., a ferrule) having
a certain optical element (e.g., a lens), an alignment element,
and an inspection element, which 1s readily imaged and 1s
located 1n a fixed position relative to the alignment member.
This way, rather than determining the accuracy of the mold by
measuring the position of the optical elements with respect to
the alignment elements (which can be difficult to do as men-
tioned above), the present invention provides readily-imaged
inspection elements, which function as imaging surrogates
for the alignment elements. The readily-imaged inspection
clements provide a clear indication of their position, and
hence the position of the alignment members, relative to the
optical elements.

In one embodiment, the mnspection elements are physically
the same or similar to the optical elements, but are not
intended to function as an optical element or otherwise inter-
fere with the function of the molded component. Applicant
recognized that optical elements tend to be clearly defined,
such that a visual measurement can be made very accurately.
For example, a convex lens 1n a molded part 1s created by a
mold insert that has a concave indentation. The concave
indentation may be created by diamond turming, for example.
The machining operation results in a sharp edge on the mold
steel, with essentially no fillet. Since the concave indentation
1s relatively shallow, this element fills well, resulting 1n a
sharp edge on the molded part. Thus, the edges of lenses can
be determined clearly by a visual measurement.

In one embodiment, the present invention exploits the fact
that optical elements, such as lenses, are more readily
resolved by visual measurement than a pin or a hole by adding
similar elements to an alignment pin or hole. This facilitates
a precise mspection of the part, since systematic errors, such
as those caused by illumination of the sample, affect all ele-
ments equally and therefore cancel out when a relative mea-
surement between the pin, hole, and lenses 1s made. Providing
a molded part that 1s more readily inspected enables the mold
to be more precisely tuned, resulting, 1n turn, 1n better molded
product.
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Accordingly, one aspect of the invention 1s a molded com-
ponent comprising optical elements, alignment elements, and
inspection elements. In one embodiment, the molded compo-
nent comprises: (a) a body portion defining a first face; (b) at
least one optical element on said first face, said optical ele-
ment having a certain geometry; (c) at least one alignment
clement on said first face selected from one of an alignment
hole or an alignment pin; and (d) at least one inspection
clement 1n a position fixed relative to said at least one align-
ment element on said first face.

Another aspect of the mvention 1s a process of tuning a
mold for an optical component by comparing the location of
optical elements to inspection elements, rather than the align-
ment elements. In one embodiment, the process comprises:
(a) molding an component comprising at least: (1) a body
portion defining a first face; (11) at least one optical element on
said first face, said optical element having a certain geometry;
(111) at least one alignment element on said first face selected
from one of an alignment hole or an alignment pin; and (1v) at
least one 1nspection element 1n a position fixed relative to said
at least one alignment element on said first face; (b) measur-
ing the location of said ispection element on said front face
relative to said optical element; (¢) comparing said location to
a standard to determine a difference; and (d) if said difference
1s significant, adjusting a component of said mold to change

said location of said alignment element relative to said optical
clement and reiterating steps (a)-(c).

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 A hermaphroditic lensed ferrule, shown in cross-
section.

FIG. 2 Top view of the hermaphroditic lensed connector
shown in FIG. 1.

FIG. 3 A hermaphroditic lensed ferrule, as in FIG. 1, with
alignment elements added.

FIG. 4 Top view of the hermaphroditic lensed connector

shown 1n FIG. 3.

DETAILED DESCRIPTION

Referring to FIGS. 3 and 4, a preferred embodiment of the
molded component 300 of the present invention 1s shown. The
molded component 300 comprises a body portion 301 defin-
ing afirstface 302; (b) at least optical element 303 on said first
face 302, said optical element having a certain geometry; (c)
at least one alignment element 304, 305 on said first face 302
selected from one of an alignment hole or an alignment pin;
and (d) at least one mspection element 306, 307 1n a position
fixed relative to said at least one alignment element 304, 305
on said first face.

The molded component 300 facilitates a method of tuning
the mold that forms 1t, thereby producing more accurate
molded product in an iterative process. In one embodiment,
the method comprises: (a) molding an optical component 300
comprising at least a body portion 301 defining a first face
302; at least one optical element 303 on said first face, said
optical element having a certain geometry; at least one align-
ment element 304, 305 on said first face selected from one of
an alignment hole or an alignment pin; and at least one inspec-
tion element 306, 307 1n a position fixed relative to said at
least one alignment element 304, 305 on said first face; (b)
measuring the location of said inspection element 306, 307 on
said front face relative to said optical element 303; (¢) com-
paring said location to a standard to determine a difference;
and (d)1f said difference 1s significant, adjusting a component
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of said mold to change said location of said alignment ele-
ment relative to said optical element and reiterating steps
(@)-(c).

The molded component and the method of tuning the mold
for forming the molded product are discussed 1n greater detail
below. Although the molded component 1llustrated herein
relates to a hermaphroditic lensed ferrule, 1t should be under-
stood that the molded component 1s not restricted to such an
embodiment. For example, the molded component may be a
non-hermaphroditic ferrule, an optical interface for optically
coupling active devices, a lens block for coupling optical
fibers to an active device. The present invention 1s also appli-
cable to a ferrule which 1s intended to hold fibers (such as a
standard MT {ferruel) but which has molded alignment fea-
tures.

The body portion 301 may be formed of any material that
1s suitable for mterengaging with other optical components.
In one embodiment, the body 1s formed with optically trans-
parent material such that optical elements, such as lenses and
light turming facets may be molded directly into the body.
Suitable optical transparent materials include, for example,
polyetherimide (PEI), polyethersulfone (PES) or polycarbon-
ate. Alternatively, 1n one embodiment, the body 1s molded
from material that 1s not optically transparent. Suitable mate-
rials include, for example, glass-filled resins such as polyphe-
nylene sulfide (PPS). In such an embodiment, cavities may be
molded into the body to receive the optical elements
described below. Still other embodiment of the body will be
known to those of skill in the art in light of this disclosure.

The optical element 303 may be any element that affects
the transmission of light. Such optical elements include, for
example, lenses, reflective surfaces, prisms, splitters, coms-
biners, filters, and holes to receive optical fibers. As men-
tioned above, the optical element may be molded directly mnto
the body, or, alternatively, the optical element may be a dis-
crete component that 1s prepared separately and 1nserted into
a receiving cavity molded into the body. Additionally, 1t
should be understood that different optical elements may be
mixed and matched in the molded component. Still other
embodiment of the optical elements may be obvious to one of
skill 1n the art in light of this disclosure. In the embodiment
shown 1n FIG. 3, the optical element comprises a plurality of
conveXx lenses 303 which are arranged 1n an array 310 below
the first face 302.

The alignment elements are well known mechanical ele-
ments to facilitate alignment between two optical compo-
nents. In one embodiment, the alignment elements comprise
an alignment pin, an alignment hole for receiving the align-
ment pin, or a combination of both. Examples of other align-
ment elements include oblong hole (for recerving a pin with-
out over-constraining the pin/hole distance), and rounded
protrusion and rounded/faceted alignment well. In the
embodiment shown 1n FIG. 3, the alignment elements 304,
305 comprise an alignment pin and an alignment hole, respec-
tively. Because the molded component 300 comprises both an
alignment pin and an alignment hole configured on either end
of the first face 302, the optical component 300 1s hermaph-
roditic, meaning 1t can mechanically interengage with a com-
ponent having a similar configuration. Such hermaphroditic
configurations are known.

The mspection element may be any physical marking on
the first face of the molded component that 1s clear and visible
under the same 1imaging conditions used to inspect the optical
clements. In one embodiment, the inspection element has
essentially the same geometry as the optical element. By
molding the mspection element with a similar geometry to
that of the optical elements, systematic imaging errors caused
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by shadows and other 1llumination effects will be cancelled or
significantly neutralized. For example, 11 the optical element
1s a lens having a certain diameter and radius of curvature,
than the mspection elements will have essentially the same
diameter and radius of curvature. In this respect, Applicant
recognizes that certain elements can be molded with an edge
that 1s clearly defined, such that a visual measurement can be
made very accurately. For example, a convex lens in a molded
part 1s created by a mold 1nsert that has a concave indentation.
The concave indentation may be created by diamond turning,
for example. The machining operation results 1n a sharp edge
on the mold steel, with essentially no fillet. Since the concave
indentation 1s relatively shallow, this element fills well,
resulting 1n a sharp edge on the molded part. Thus, the edges
of lenses can be determined clearly by a visual measurement,
whereas the edges of a pin or hole often cannot.

It should also be appreciated that while having the geom-
etry of the inspection and optical elements be essentially the
same or similar 1s beneficial, the geometries need not be the
same. Accordingly, as used herein, the term “about the same”
or “essentially the same” do not mean the geometries are
exactly the same but rather that they are essentially the same
from an 1imaging standpoint, meaning that there are no sig-
nificant differences 1n the systematic 1llumination errors such
as shadows, halos, or other artifacts between the two geom-
etries. One of skill in the art can readily determine the
required similarly between the geometry of the optical and
inspection elements before the difference in illumination
errors becomes significant. Furthermore, it should be under-
stood that although similar geometries are beneficial, they are
not required. For example, the mspection element may be
very simple, such as a scratch in the part that 1s deliberately
created with a known relationship to the mechanical align-
ment element.

An important aspect of the present invention is the location
of the inspection elements relative to the alignment element
since the purpose of the ispection elements 1s to precisely
identify the locations of the mechanical alignment elements.
It 1s therefore desirable, although not necessary, that the
inspection elements be created by techniques that inherently
result i their alignment to the mechanical alignment ele-
ments. For example, if a mold insert consists of a pin (to create
a blind hole in the molded part), then an mspection element
may be defined on the mold insert. This way, when the align-
ment element 1s molded, the mspection element will neces-
sarily be 1n a fixed location relative to it.

In one embodiment, the mnspection element 1s integral with
the alignment element. For example, 11 the mold 1nsert com-
prises a pin to define an alignment hole 1n the molded com-
ponent, then the inspection element may be added to the end
of the pin as the pin 1s centerlessly ground or turned on a lathe.
If a mold insert consists of a hole (to create a pin in the molded
part), then the inspection element may be added to the tool
that creates the hole, such that the hole and 1nspection element
are created with the same drilling or milling operation. In one
embodiment, the mold steel 1s mnspected to determine the
precise location of the inspection feature relative to the align-
ment feature. Although these dimensions may be difficult to
measure on the part, they can be measured more easily on the
mold 1itself.

Although incorporating the mspection element into the
alignment element has certain advantages, it 1s not required.
For example, 1t 1s possible to precisely fixture the mold steel
such that the inspection element can be located at a known
position with respect to the mechanical alignment element.

Referring to FIGS. 3 and 4, one embodiment of the molded
component 300 of the present invention 1s shown in which
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first and second mspection elements 306, 307 are disposed on
the top surface 304q of the alignment element 304 (an align-
ment pin) and the bottom surface 3035a of the alignment
clement 303 (an alignment hole). The first and second inspec-
tion elements 306, 307 have a geometry essentially the same
as that of the optical elements 303, which, 1n this embodi-
ment, are lenses as described above.

When the first face 302 of the component 300 1s viewed
head-on as shown in FI1G. 4, the visual image of the inspection
clements 306, 307 1s essentially the same as that of the optical
clements 303. This facilitates a precise inspection of the part,
since systematic errors, such as those caused by illumination
of the sample, affect all elements equally and therefore cancel
out when a relative measurement between the pin, hole, and
lenses 1s made. Adding inspection elements, such as shown 1n
FIG. 3 facilitates an accurate visual measurement of the com-
ponent 300, but does not affect the normal function of the part.

Once the molded part 1s inspected, the location of the
ispection elements relative to the optical elements can be
compared to a standard or specification. If the difference 1n
the relative location 1s significant between the molded com-
ponent and the specification (and hence the misalignment of
the alignment elements relative to the optical elements 1s
significant), then the mold insert corresponding to the inspec-
tion element (and hence the alignment element) may be
adjusted to reduce the difference until an acceptable product
1s molded. At this point, the mold 1s ready to be placed nto
service.

It should be understood that the description above provides
illustrative embodiments of the present invention and other
embodiments exist.

What 1s claimed 1s:

1. A molded component comprising:

a body portion defining a first face;

at least one optical element on said first face, said optical

clement having a first geometry;
at least one alignment element on said {first face selected
from one of an alignment hole or an alignment pin; and

at least one inspection element disposed on said at least one
alignment element on said first face, wherein said at least
one inspection element 1s positioned 1n a fixed location
relative to said at least one alignment element.

2. The component of claim 1, wherein said inspection
clement has a second geometry about the same as said first
geometry of said optical element.

3. The component of claim 2, wherein said optical element
1s a lens.

4. The component of claim 3, wherein said first geometry
comprises a convex surface of a first diameter and a {first
radius of curvature.

5. The component of claim 1, wherein said at least one
optical element comprises a plurality of lenses.

6. The component of claim 35, wherein said lenses are
recessed from said first face.

7. The component of claim 1, wherein said molded com-
ponent 1s a ferrule.

8. The component of claim 1, wherein said alignment hole
comprises a bottom surface with said inspection element
defined thereon, and said alignment pin comprises a top sur-
face having said 1mspection element defined thereon.

9. The component of claim 8, wherein said at least one
alignment element comprises said alignment hole and said
alignment pin.

10. The component of claim 9, wherein said at least one
inspection element comprises first and second inspection ele-
ments, and wherein said alignment pin comprises a top sur-
face with said first imnspection element defined thereon, and
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said alignment hole comprises a bottom surface having said
second 1nspection element defined thereon.

11. The component of claim 10, wherein said first and
second 1nspection elements are disposed 1n the center of said
top and bottom surfaces, respectively.

12. A method of tuning a mold for an optical component,
said method comprising:

(a) molding an optical component comprising at least:

a body portion defining a first face;

at least one optical element on said first face, said optical
clement having a first geometry;

at least one alignment element on said first face selected
from one of an alignment hole or an alignment pin; and

at least one inspection element disposed on said at least one
alignment element on said first face, wherein said at least
one inspection element 1s positioned 1n a fixed location
relative to said at least one alignment element;

(b) measuring the location of said inspection element on
said front face relative to said optical element;

(c) comparing said location to a standard to determine a
difference; and

(d) 11 said difference 1s significant, adjusting a component
of said mold to change said location of said alignment
clement relative to said optical element and reiterating
steps (a)-(c).

13. The method of claim 12, wherein said mold comprises

a plurality of components, a first component defines said
optical element, a second component different from said first
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component, defines said alignment element and said inspec-
tion element, and wherein 1n step (d), adjusting said compo-
nent, comprises moving said first and second components
relative to each other.

14. The method of claim 12, wherein said mspection ele-
ment has a second geometry about same as said first gecometry
of said optical element.

15. The method of claim 14, wherein said optical element
1s a lens.

16. The method of claim 15, wherein said at least one
optical element comprises a plurality of lenses.

17. The method of claim 12, wherein said alignment hole
comprises a bottom surface with said inspection element
defined thereon, and said alignment pin comprises a top sur-
face having said inspection element defined thereon.

18. The method of claim 17, wherein said at least one
alignment element comprises said alignment hole and said
alignment pin.

19. The method of claim 18, wherein said at least one
inspection element comprises first and second inspection ele-
ments, and wherein said alignment pin comprises a top sur-
face with said first imnspection element defined thereon, and
said alignment hole comprises a bottom surface having said
second 1nspection element defined thereon.

20. The method of claim 19, wherein said first and second
inspection elements are disposed 1n the center of said top and
bottom surfaces, respectively.
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